Abstract. Coating of zeolite nanoparticles, previously dispersed in Polycarboxylic acid (PCA) solution, on cellulose textile surface has several advanced technological applications. One of the possible usages is for the Durable Press finishing enabling simultaneous enhanced antimicrobial or flame retardant properties. In this study, one of the polycarboxylic acid crosslinking agents, Citric acid (CA) is used to coat cotton fabric in the presence of synthesized zeolite applied as a catalyst. Cotton fabric samples were padded with a suspension containing zeolite powder in aqueous solution of CA crosslinking agent. Drying and curing of coated samples was performed at different curing conditions, either in a microwave oven or in conventional dryer. Scanning electron microscope (SEM) is used to characterize the surface morphology and confirm bonding of zeolite particles to cellulose fibers. Further characterization of coated surface is performed by attenuated total reflectance (ATR) Fourier transform infrared (FT-IR) spectroscopy while the effects of microwave irradiation on zeolite nanoparticles bonding is estimated by thermogravimetric analysis.
Introduction
Polycarboxylic acids (PCAs), especially 1,2,3,4-butanetetracarboxylic acid (BTCA) or citric acid (CA) in combination with phosphorus-containing catalysts, such as sodium hypophosphite (SHP), have proven to be the most effective substitutes for the formaldehyde-releasing crosslinking agents such as the N-methylol compound dimethyloldihydroxyethylene urea (DMDHEU) [1] [2] . During the cure process, normally conducted at 160 °C for 90 s, the carboxy groups of the CA form ester linkages with the hydroxymethyl groups of the cellulose chain via an anhydride intermediate. As a consequence, a crosslinking reaction takes place thus imparting durable press (DP) properties to the cotton fabric. These ester linkages are resistant to multiple alkaline home launderings.
In our previous research [3] CA has been used with sodium hypophosphite (SHP) catalyst for the purpose of Durable Press (crease resistance) and flame retardant (FR) finishing, while this paper tends to replace it with an environmentally and economically acceptable zeolite (FAU and MFI) catalyst. Synthetic and natural zeolites, a family of aluminosilicates with pores and cavities in the range 4-18 Å, are well known heterogeneous catalysts and sorbents [4] . Many applications of zeolite-cellulose composite materials, mainly related to adsorption processes, have already been proposed, while the strategies concerning the inclusion of zeolites in cellulose fabrics are almost entirely found in patent literature [5] . Although the application of zeolites as catalysts for organic synthesis has been established for a long while, their claimed ability to catalyze esterification reactions has been studied mainly from the physico-chemical point of view [6] .
Coating of zeolite nanoparticles, previously dispersed in a polycarboxylic acid (PCA) solution, on cellulose textile surface has several advanced technological applications. One of the possible usages is for the Durable Press finishing enabling simultaneous enhanced antimicrobial or flame retardant properties. Chemical compounds that are called flame retardants can act physically or chemically on the modification of the pyrolysis and/or oxidation reactions involved in the combustion of materials. Recently, a number of studies on the increase of the flame resistance of synthetic polymers using natural zeolites for its synergism with intumescent flame retardant materials have been proposed [7] .
In this study, one of the polycarboxylic acid crosslinking agents, Citric acid (CA) is used to coat cotton fabric in the presence of synthesized zeolite applied as a catalyst. Cotton fabric samples were padded with a suspension containing zeolite powder in aqueous solution of CA crosslinking agent. Drying and curing of coated samples was performed at different curing conditions, either in a microwave oven or at conventional dryer. SEM is used to characterize the surface morphology and confirm presence of zeolite particles bonded to cellulose fibers. Further characterization of coated surface is performed by attenuated total reflectance (ATR) Fourier transform infrared (FT-IR) spectroscopy while the effect of microwave irradiation time on zeolite nanoparticles bonding is estimated by thermogravimetric analysis.
Experimental
Samples of desized, scoured, bleached and mercerized cotton fabrics (100%; 170 g/m²) were padded to 100% wet pickup with three different baths: a) suspensions containing FAU zeolite powder (1.3 wt %) in aqueous solution of citric acid (CA) crosslinking agent (15 wt %) (Bath 1), b) suspensions containing MFI zeolite powder (1.3 wt %) in aqueous solution of citric acid (CA) crosslinking agent (15 wt %) (Bath 2), c) containing SHP (6.5 wt %) in aqueous solution of citric acid (CA) crosslinking agent (15 wt %) (Bath 3). Padded fabrics were dried in two different ways: a) conventional at 110 °C for 2 min b) microwave at 450 W for 2 min. Initialization was performed at 160 °C for 90 s in conventional drier and at 900 W for 3 min in microwave oven. The cured fabrics were first washed to remove the unreacted CA and the loose bonded zeolite and SHP and then samples dried at 80 °C. The home laundering wash/dry process was performed at 40 ºC according to ISO 6330 with standard detergent.
Prior to SEM study, the samples were coated with gold in a sputter coater. The specimens were observed with Mira, Tescan, field emission scanning electron microscope.
The treated samples were analyzed by ATR-IR spectroscopy using a FTIR spectrometer (PerkinElmer, software Spectrum 100). 4 scans at a resolution of 4 cm -1 were recorded for each sample between 4000 cm -1 and 450 cm -1 . To measure the intensity of the ester carbonyl band samples treated with a 0.1M NaOH solution at room temperature for 2 min to convert the free carboxylic acid on the fabric to a carboxylate anion so that the ester carbonyl band could be separated from that of the overlapping carboxylic acid carbonyl. The ester carbonyl band intensity in the IR spectra of the treated cotton fabric was normalized against the 1314 cm -1 band associated with the COH bending mode of cellulose.
Thermal analyses of cotton materials were performed in a flowing synthetic air atmosphere (30 % oxygen; flow rate of 90 ml/min) using a Perkin Elmer analyzer controlled by a PC system. TG (thermal gravimetric) of the samples were obtained from ambient temperature to 800 °C at a heating rate of 10°C/min. Prior to the thermal analysis runs the cotton fabrics were cut into small pieces having an average weight of ca. 1 mg, while the analyzed samples were approximately 5 mg.
Results and Discussion
Degree of esterification (D.E.) of treated cotton samples is calculated from the ratio of the intensities of the IR bands at wave numbers 1730 cm -1 and 1575 cm -1 corresponding to ester and carboxylate groups and presented in Table 1 . Substitution of SHP catalyst with zeolites proved to be equally good or even better when the FAU catalyst was applied by the exhaust method. Figure 1 presents ATR spectra of cotton samples treated with SHP and Cu-FAU catalyst, where the latest proved better esterification performance confirmed with higher peaks at 1730 cm -1 . Figure 1 : FTIR ATR spectra of the raw cotton, cotton treated with SHP and CA, and cotton treated with zeolite Cu-FAU and cured by conventional drying method Figure 2a shows TGA results of samples treated with citric acid and MFI catalyst, before and after the washing process. The results of SEM characterisation of solid residue after the TG analysis at 800 ºC confirmed that the structure of cellulose has not been completely destroyed while the zeolite structure showed only minor changes. The feature of the TG curves changes with the treatment: the one-set temperature of the decomposition reactions is lower and the slope of the third weight region (350-520 °C) becomes less steep pointing out that the oxidation of previously formed char and volatiles is slower with the application of microwaves (Figure 3 ). The residues after TG analyses are characterized by SEM: inorganic compounds -zeolites, as well as the residues of unburned cotton are visible. 
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Conclusions
Zeolites, commercial MFI and FAU as well as the Cu-FAU synthesised in our laboratory, chosen for this study confirm their catalytic role in the esterification of cellulose with citric acid. All zeolites remained on the cotton fibers and they were easily observed with SEM. The stability of the zeolites were confirmed by SEM images of the residues remained after TG analyses of the cotton samples treated with zeolite and CA. The degree of esterification in the case of zeolite treated cotton fabrics corresponds to the one obtained using the commercial SHP catalysts, so it is worthwhile to optimize the preparation procedure because zeolites are ecologically and economically more suitable. The highest degree of esterification was obtained for the sample prepared by the exhaust bath method, compared to standard pad-batch process. Microwave irradiation is offering significant economic advantages with the obtained effectiveness in the same range as with the conventional drying.
